Cytoreductive surgery (CRS) with hyperthermic perioperative chemotherapy (HIPEC) has become a treatment option for selected patients with peritoneal metastases (PMs) from gastrointestinal malignancies. The purpose of this study is to evaluate our most recent data regarding pulmonary complications (respiratory distress, pleural effusion, and pneumonia) and attempt to identify risk factors associated with this management plan. This study includes the most recent 4-year experience with appendiceal and colorectal carcinomatosis patients treated in a uniform manner between January 1, 2006 and December 31, 2009. A prospective morbidity and mortality database was maintained and pulmonary adverse events were analyzed with special attention to subphrenic peritonectomy. There were 147 consecutive patients with a mean age of 49.9 years. Fourteen patients (10%) presented grades I-IV pulmonary complications for a total of 26 events. The peritonectomy of right upper quadrant was performed in 74% and right plus left in 49% of the patients. Statistically, there were no more pulmonary complications among patients submitted to peritoneal stripping of right or right and left hemidiaphragm as compared to no subdiaphragmatic peritonectomy (P = 1.00 and P = 0.58, resp.). In an analysis of 18 quantitative indicators and clinical variables with pulmonary adverse events, only blood replacement greater than six units showed a significant correlation (P = 0.0062). Pulmonary adverse events were observed in 10% of patients having CRS and HIPEC. Subphrenic peritonectomy was not a specific risk factor for developing these adverse events.
Introduction
Peritoneal metastases (PMs) are a cause of great morbidity and mortality in patients with gastrointestinal cancer. Problems related to the progression of PM are a frequent cause of the terminal event in these patients. A local-regional treatment that combines cytoreductive surgery (CRS) with hyperthermic perioperative chemotherapy (HIPEC) and early postoperative intraperitoneal chemotherapy (EPIC) has shown benefit in selected patients with peritoneal dissemination. This treatment has gained general acceptance for appendiceal mucinous neoplasms [1] and peritoneal mesothelioma [2] and now is finding additional applications in the management of colorectal cancer [3] , gastric cancer [4] , and ovarian cancer [5] . With increased experience, the morbidity and mortality have declined in several reports [6] [7] [8] . Smeenk and colleagues at The Netherlands Cancer Institute showed that over time their perioperative mortality could be diminished by 50%. Overall major morbidity was reduced from 71% between 1996 and 1998 to 34% between 2003 and 2006 [6] . Pulmonary complications are common after abdominal surgery and associated significantly with longer hospital stays [9] . The purpose of this study is to evaluate the incidence of pulmonary complications (respiratory distress, pleural effusion, and pneumonia) and to identify risk factors associated with pulmonary complications in the use of CRS and perioperative chemotherapy.
Patients and Methods

Patient Eligibility Criteria.
This study includes our most recent 4-year experience with patients with appendiceal and colorectal PM treated in a uniform manner between January 1, 2006 and December 31, 2009. Institutional Review Board Table 1 .
Quantitative Prognostic Indicators.
The extent of previous surgery was quantitated with the prior surgical score (PSS). Size and distribution of disease at the time of surgery were assessed with the peritoneal cancer index (PCI). The PCI was analyzed in three different ways: by four groups (0-10, 11-20, 21-30, and 31-39), by two groups A (0-20 versus 21+), and by two groups B (0-30 versus 31+). At the end of the cytoreductive surgery a completeness of cytoreduction score (CC-score) was recorded [11] .
Clinical Variables.
All data collection occurred on hospitalized patients; events that may have occurred after hospital discharge are not part of this analysis. Sixteen clinical variables were analyzed to assess factors predictive of pulmonary complications: gender, age (≤50 versus >50), primary cancer location (appendix versus colorectal), cancer grade (grade 1 versus grade 2-3), peritonectomy procedures (pelvic, right upper quadrant, left upper quadrant, omental bursa, anterior abdominal wall), number of peritonectomy procedures per patient (0-2 versus 3-5), visceral resections performed (omentectomy, splenectomy, rectosigmoid colon resection, right colon resection, hysterectomy, small bowel resection, transverse colon resection, and gastrectomy), visceral resections performed per patient (0-2 versus 3-7), types of anastomoses performed (esophagojejunal, small bowel, ileocolic, colocolic, and colorectal), number of anastomoses performed per patient (0-2 versus 3-5), ostomies performed (none, diverting ileostomy, and end ileostomy), blood replacement (none, 1-3 units, 4-6 units, >6 units), blood replacement (0-6 units versus >6 units), fresh frozen plasma replacement (none, 1-4 units, >4 units), time in the operating room in hours (0-6, 7-12, >12), and chemotherapy treatment (HIPEC only versus HIPEC plus EPIC). 
Results
Demographics and Clinical
Features. Forty-six percent of patients were men and the mean age was 49.9 (±8.7). Peritoneal metastases from appendiceal cancer were present in 135 patients (92%) and PM from colon cancer in 12 (8%). The mean length of hospital day was 24 days. Complete cytoreduction was reported in 125 patients (85%). The right subphrenic peritonectomy was performed in 109 patients (74%) and right and left in 72 (49%). Seventy-six percent of patients required blood replacement and 46% required fresh frozen plasma transfusion. Hyperthermic perioperative chemotherapy was administered to 55.8% of patients and 44.2% received HIPEC + EPIC (Table 2) .
Pulmonary Adverse Events. Fourteen patients (10%)
presented grade II through grade IV pulmonary adverse events for a total of 23 events (Table 3) .
Pleural Effusion.
The most common event was pleural effusion with 10 events diagnosed (4.6%). Three patients were classified as grade II (diuretics required), 4 as grade III (thoracentesis required), and 3 as grade IV (chest tube insertion required).
Respiratory
Distress. There were 9 respiratory distress events (4.2%). Two patients were classified as grade II cases (oxygen therapy or medications required), 5 as grade III (endotracheal intubation required), and 2 as grade IV (tracheostomy required). One patient died after a grade III respiratory distress followed by severe neutropenia. This was the only death among the 147 patients.
3.5. Pneumonia. There were 7 patients who developed pneumonia (3.2%). There were 3 grade I patients (minimal symptoms), 4 grade II patients (antibiotics and respiratory therapy required), and no grade III or IV patients (bronchoscopy or intubation required). These results are summarized in Table 3 . Among the 4 grade II pneumonia patients, one presented pulmonary edema, one presented respiratory distress, and another one presented pleural effusion.
Analysis of Pulmonary Adverse Events by Subphrenic
Peritonectomy. The patients were divided into groups with or without pulmonary complication and the impact of subphrenic peritonectomy was statistically determined. There is no difference in the incidence of pulmonary complication in the group submitted to peritoneal stripping of the right or right plus left hemidiaphragm and the group who did not have this dissection performed (Table 4) .
Analysis of Pulmonary Adverse Events by Quantitative Prognostic Indicators and Clinical Variables.
In univariate and multivariate analysis, the only risk factor was more than 6 blood units replacement. In the univariate analysis of blood replacement none, 1-3 units, 4-6 units and >6 units P = 0.0349. In the univariate analysis of blood replacement 0-6 units versus >6 units P = 0.0062 (Table 5) .
In a multivariate analysis with logistic procedure, only blood replacement was identified as a risk factor for pulmonary complications (P = 0.0030).
Discussion
This study analyzed pulmonary complications in 147 consecutive patients at a single experienced peritoneal surface malignancy treatment center. It is the first paper to focus specifically on pulmonary complications after CRS and HIPEC. Identification of treatments-associated morbidity and mortality may help determine causation so that a reduction in complications may occur. Peritoneal metastases to the peritoneal surface of the right hemidiaphragm or right plus left hemidiaphragm were a common requirement of complete CRS. It was needed on the right in 74% of patients and right plus left in 49% of patients. Our hypothesis was that subphrenic peritonectomy would interfere with respiratory function postoperatively and thereby be associated with pulmonary adverse events. However, no relationship of peritoneal stripping of the right or right and left hemidiaphragm to pulmonary adverse events was evident.
In a recent report pulmonary complication was the second most common grade IV complications (16%) among our patients [12] . In a prior study of cytoreduction and HIPEC in nonappendiceal peritoneal metastases patients, it was the most common grade IV adverse event at 26% [13] . The incidence of grade I through IV pneumonia, pleural effusion, and respiratory distress of 10% is reported in this paper. Kusamura related 12% incidence of major complications and the most common cause of morbidity was anastomotic leak or intestinal perforation. Their second most common complication was the pulmonary [14] .
Pleural effusion is a relatively common event described in many reports and it could be due to several factors. The stripping of the diaphragmatic peritoneum elicits a mechanical and thermal injury to the muscle. This trauma would promote with fluid access to the thorax from the abdomen of chemotherapy solution during HIPEC. Chéreau et al. showed a higher incidence of pleural effusion and other pulmonary complications in a group of ovarian cancer patients submitted to peritoneal diaphragmatic resection; they reported a greater number of patients requiring pleural drainage [15] . In this report, opening the pleura was required because of the carcinomatosis infiltration of the diaphragm; systematic pleural drainage was not performed routinely in these patients. Dowdy et al. also showed pleural effusion as their most common complication, with an incidence of 30% among 56 patients [16] . Stephens and colleagues related an incidence of 3% of pleural effusion among 200 patients submitted to peritonectomy and HIPEC [17] . The only predictor for the development of postoperative pleural effusion was entry into the pleural space at the time of diaphragm peritonectomy. Pleural drainage was routine in all our patients in an attempt to avoid pleural effusion. Nevertheless, pleural effusion remained the second most common respiratory event. In our patients, there is no statistical correlation that showed that stripping the diaphragm is a risk factor for pulmonary adverse events.
Postoperative infection is a high-risk factor in patients submitted to peritonectomy procedures and it is fundamental to recognize an infectious process at an early stage [18] . Among the infectious adverse effects, pneumonia ranged from 3.5 to 6.6% in recent series [13, 19] . In the past, Schmidt reported this incidence had reached up to 10% [20] . In this series, pneumonia occurred in 3.2% of our patients.
The morbidity and mortality have been reduced in several reports with increasing experience with CRS and HIPEC. Smeenk and colleagues reported a decrease in morbidity from 71.2 to 34% in an 8-year period in a multicentric analysis [6] . Muller and colleagues showed that it was possible to reduce the adverse effects by reducing inflammatory response, with intraoperative fluid restriction, intensified hyperglycemia management, and reducing the blood loss [21] . Mohamed and Moran demonstrated the importance of a learning curve in CRS and HIPEC to reduce the incidence of adverse effects. They defended the importance of teamwork and the presence of 2 experienced surgeons to support each other in the management of a multidisciplinary team and to confer regarding the rationale, indications, and the morbidity associated with this procedure. It is possible to perform peritonectomy and HIPEC with morbidity and mortality rates in line with those of other major oncologic procedures [7] .
